Studies of white matter (WM) abnormalities in psychiatric and neurological disorders often use the analysis package Tract-Based Spatial Statistics (TBSS). However, with small samples and/or subtle effects, a study using the standard TBSS approach can be underpowered. For such cases, a new method is presented that summarizes global differences between TBSS-derived fractional anisotropy (FA) images with a single paired t-statistic, estimating the degrees of freedom using spatial autocorrelation. The sensitivity of the method is demonstrated by using well-known aging effects on FA as a proxy for disease effects. Sixty healthy subjects were divided equally into younger-(YA), middle-(MA), and older-aged (OA) groups and significant global differences were demonstrated in the YA versus OA (all N ≥ 4, FA difference ≈ 0.023), MA versus OA (all N ≥ 4, FA difference ≈ 0.017), and YA versus MA (FA difference ≈ 0.005 at N = 20) comparisons. In contrast, no significant difference could be detected in the YA versus MA comparison using voxelwise TBSS analysis with the full sample (N = 20 per group). This method should facilitate localizing analyses in the direction of a proven group difference while providing clinically relevant information about pathophysiologic processes globally affecting WM.
Introduction
The in vivo detection of white matter (WM) abnormalities in psychiatric and neurological diseases has become an important aim of imaging neuroscience. The purpose of the present study is to demonstrate a new method that adds to the growing armamentarium of tools for detecting such abnormalities in diffusion tensor imaging (DTI) studies (Buffon et al., 2005; Smith et al., 2006; Pfefferbaum et al., 2009; Cykowski et al., 2010) . The major goal of the method presented here is to enhance the sensitivity of case-control studies to disease effects on WM, particularly when such studies have limited power. The method uses a paired t-statistic to summarize the global differences between Tract-Based Spatial Statistics (TBSS) skeleton images (Smith et al., 2006) with the degrees of freedom (df) of the statistic estimated through spatial autocorrelation. The method is therefore referred to as the "Paired Evaluation of Skeleton Changes using Autocorrelation", or "PESCA".
The hypothesis underlying the development of PESCA is that in certain scenarios real WM changes can go undetected with corrected, whole brain voxelwise analyses. This includes scenarios wherein the sample size and/or effect sizes are small (e.g., disorders with a low prevalence; pilot studies with limited funding). This also includes scenarios where significant effects at the global level are due to subtle and diffuse alterations that cannot be localized with conventional voxelwise analyses (Buffon et al., 2005) . The current work presupposes that through the detection of global tissue differences between two groups (patient/control) using PESCA, there is sufficient a priori justification to localize effects using a variety of alternative analysis strategies. For instance, a significant global difference detected by PESCA would facilitate more powerful, one-tailed voxelwise analyses (with correction) in the direction of the global difference, or allow a more limited tract-wise comparison using informed regions-of-interest (ROIs) (Mori et al., 2008) . Additionally, the assessment of global changes and their impact on cognitive or functional impairment, independent of voxelwise findings, has been an important component of several DTI studies (Bednarczyk et al., 1998; Molko et al., 2002; Ragin et al., 2004) . PESCA provides a method to assess such global differences in a robust and replicable way across studies.
The PESCA approach draws on two important concepts to enhance the sensitivity of DTI studies to global WM differences. The first concept is that of spatial (not within-subject) pairing as the basis for calculating a paired t-statistic on the mean difference between TBSS-derived images
